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CATHETER HAVING AN IMPROVED
TORQUE TRANSMITTING SHAFT

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation of U.S. application Ser.
No. 10/034,586, filed Dec. 277, 2001, now U.S. Pat. No. 7,488,

338, the entire disclosure of which 1s incorporated herein by
reference.

FIELD OF THE INVENTION

The present ivention relates generally to catheters for
performing medical procedures including intravascular pro-
cedures such as percutaneous transluminal coronary angio-
plasty. More particularly, the present invention relates to cath-

cters with an improved shaft design.

BACKGROUND OF THE INVENTION

The use of intravascular catheters has become an effective
method for treating many types of vascular disease. In general
an intravascular catheter 1s inserted into the vascular system
of the patient and navigated through the vasculature to a
desired target site. Using this method, virtually any target site
in the patient’s vascular system may be accessed, including
the coronary, cerebral, and peripheral vasculature. Examples
of therapeutic purposes for intravascular catheters include
percutaneous transluminal angioplasty (PTA) and percutane-
ous transluminal coronary angioplasty (PTCA).

Catheters are also known for use 1n other body lumens for
non-vascular therapeutic purposes. These can include pancre-
ato-biliary treatments and urological applications.

Generally, a catheter enables a physician to remotely per-
form a medical procedure by inserting the catheter into a body
lumen, such as a blood vessel, of a patient at a location that 1s
casily accessible, and thereafter navigating the catheter to the
desired target site. By this method, virtually any target site,
whether 1n the patient’s vascular or non-vascular lumen, may
be remotely accessed. In vascular applications, the catheter
typically enters the patient’s vasculature at a convenient loca-
tion such as a blood vessel 1n the arm, neck or near the groin.
In both vascular and non-vascular applications, the path taken
by the catheter through the body lumen 1s generally tortuous,
requiring the catheter to change direction frequently. It may
also be necessary for the catheter to double back on 1tself.
Physicians often apply torsional forces to the proximal por-
tion of the catheter to aid 1n steering the catheter. To facilitate
the steering process, 1t 1s desirable that an intravascular cath-
cter have a relatively high level of torqueability. Furthermore,
in order for the catheter to conform to a patient’s tortuous
anatomy, 1t 1s desirable that the catheter be relatively tlexible.
The requirement that the catheter include a relatively high
level of torqueability and yet remain flexible 1s at times a
competing requirement, as increasing wall thickness of a
catheter shaft tends to increase torqueability while compro-
mising flexibility.

Guide catheters are one type of catheter used in both vas-
cular and non-vascular procedures to aid in delivering other
catheters or other interventional medical devices to a treat-
ment site 1 a vessel or other lumen within the body. In a
routine coronary angioplasty procedure, a guiding catheter 1s
introduced into a peripheral artery and advanced over a
guidewire through the aorta until the distal end of the guide
catheter 1s engaged with the appropriate coronary ostium.
Next, a balloon dilatation catheter 1s introduced over the
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guidewire and through the guide catheter. The gmdewire 1s
advanced past the distal end of the catheter within the lumen

of the diseased vessel and manipulated across the region of
the stenosis. The balloon dilatation catheter 1s then advanced
past the distal end of the guide catheter over the guidewire
until the balloon 1s positioned across the treatment site. After
the balloon 1s 1inflated to dilate the blood vessel 1n the region
of the treatment site, the guidewire, balloon dilatation cath-
eter and guide catheter can be withdrawn.

Likewise, angiographic catheters can be used 1n evaluating,
the progress of coronary artery disease in patients. Angiog-
raphy procedures are used to view the patency of selected
blood vessels. In carrying out this procedure, a diagnostic
catheter having a desired distal end curvature may be
advanced over a guidewire through the vascular system of the
patient until the distal end of the catheter is steered into the
particular coronary artery to be examined. Diagnostic cath-
eters are also used 1in non-vascular procedures to assess dis-
case state.

Balloon catheters used with the above-described guide
catheters are typically classified as over-the-wire (OTW) or
single operator exchange (SOE). An OTW catheter includes a
guidewire lumen extending through a tubular shaft from the
distal tip of the catheter to the proximal end of the catheter. A
second tubular shait extends coaxially over the first shait to
form an annular inflation lumen therebetween 1n fluid com-
munication with a balloon disposed near the distal end of the
two shaits.

SOE catheters have a relatively short guidewire lumen
relative to the length of the catheter which extends through a
first tubular shaft. The first tubular shaft 1s usually disposed
within a lumen of a second tubular shait which extends the
length of the catheter. The second tubular shaft lumen again
provides means for inflating the balloon disposed near the
distal end of the shait assembly.

A common feature to all catheters 1s the need for shatt
assemblies which have adequate torque transmission and yet
retain sufficient flexibility to reach desired treatment sites.
Tubular members having lumens therethrough are generally
used to form the shaft assemblies and selection and design of
the tubular members determines the resulting balance
between torqueability and flexibility.

SUMMARY OF THE INVENTION

The present mvention relates generally to catheters for
performing medical procedures including percutaneous
transluminal coronary angioplasty. More particularly, the
present invention relates to catheters with an improved shaft
design. Preferably, the present invention comprises a catheter
with an improved torque transmitting shait. In an exemplary
embodiment, the current invention comprises a catheter hav-
ing an improved torque transmitting shait and having a
desired amount of flexibility.

In a preferred embodiment, a catheter comprises an elon-
gate shaft having a proximal end and a distal end. Preferably,
a lumen extends between the proximal end and the distal end.
In a preferred embodiment, the elongate shait further com-
prises an outer surface and an 1nner surface. In an exemplary
embodiment, the inner surtace defines and 1s 1n fluid commu-
nication with the lumen.

In a preferred embodiment, a raised pattern 1s disposed at
the outer surface. The raised pattern may include a number of
shapes and patterns. According to a preferred embodiment of
the present invention, a pattern 1s understood to include regu-
lar, irregular, and random arrangements of a design or object.
For example, the raised pattern may resemble a tire tread
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pattern, a plurality of castellations, a diamond-shaped tread
pattern, an embossed pattern, etc.

In a preferred embodiment, the catheter may include, but 1s
not limited to, a single-operator-exchange catheter, an over-
the-wire catheter, a guide catheter, a balloon catheter, an
angioplasty catheter, an atherectomy catheter, etc. Moreover,
the elongate shaft may comprise one or more components of
a catheter. According to the current invention, the elongate
shaft may include an 1nner shatt, an outer shatt, or both.

According to multiple embodiments of the current inven-
tion, the raised pattern can be formed on the outer surface by
a number of methods mcluding, but not limited to, laser
ablation, overmolding, hot die casting, embossing, and extru-
sion. In a preferred embodiment, the raised pattern can be
formed by removing a portion of the outer surface. For
example, a portion of the outer surface can be removed by
laser ablation. In one preferred embodiment, when a portion
ol the outer surface 1s removed, for example by laser ablation,
no more than about 25%-75% of the wall thickness on the
outer surface i1s removed. Preferably no more than about

65%-75% of the wall thickness of the outer surface is

removed. In an alternative embodiment, the raised pattern can
be formed by embedding a braid into the outer surface, pret-
erably when the polymer shaft 1s heated or softened, then
cooled. The braid 1s then removed, and the pattern leit by the
braid forms the raised pattern.

In a preferred embodiment, the thickness of the outer sur-
face 1s somewhat greater than what 1s typically used in the art.
For example, the thickness of typical outer surfaces may be
about 0.001 1nches to 0.01 inches. In a preferred embodiment
of the current invention, the outer surface may have a thick-
ness of about 0.002 inches. According to a preferred embodi-
ment, forming the raised pattern, for example by laser abla-
tion, may eliminate about 65%-70% of the wall thickness on
the outer surface. According to this embodiment, the outer
surface substantially emulates the thickness of thin-walled
tubing. Preferably, emulation of thin-walled tubing provides
the elongate shaft with the desired level of tlexibility.

In a preferred embodiment, the raised pattern improves the
transmission of torque along the elongate shatt. In a preferred
embodiment of the current invention, the raised pattern can
provide a high degree of torque transmittance while main-
taining a high degree of flexibility. According to a preferred
embodiment of the current invention, torque transmission 1s
understood to mean that applying torque to one end of an
object, for example, the proximal end of the elongate shaft,
results 1n a substantially equivalent amount of torque at
another end of the object, for example, the distal end of the
clongate shatt.

In a preferred embodiment, when the elongate shaift 1s
torqued, the raised pattern comes 1n contact with 1itself, cre-
ating a plurality of bearing points. According to a preferred
embodiment, the bearing points are understood to be contact
points within or between portions of the raised pattern that
contact one another when the elongate shatt 1s torqued. Pret-
erably, the bearing points transmit torque. In an exemplary
embodiment, the bearing points will prevent the failure of
torque transmission along the elongate shaft.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a plan view of a portion of a catheter shaft
according to a preferred embodiment of the imnvention;

FIG. 2 1s a cross-sectional view of the catheter shaft
through line 2-2 of FIG. 1 according to a preferred embodi-
ment of the invention:
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FIG. 3 1s a cross-sectional view of the catheter through line
3-3 of FIG. 1 according to a preferred embodiment of the
invention; and

FIG. 4 1s a plan view of the catheter shaft of FIG. 1 depict-
ing transmaission of torque according to a preferred embodi-
ment of the invention.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

PR

L1
]

ERRED

Referring now to the drawings wherein like reference
numerals indicate like elements throughout the several views,
FIG. 1 1s a plan view of a portion of a catheter according to a
preferred embodiment of the invention. In a preferred
embodiment, a catheter 10 comprises an elongate shait 12.
Preferably, elongate shait 12 further comprises a proximal
end (not shown) and a distal end (not shown).

In a preferred embodiment, catheter 10 may include, but 1s
not limited to, a single-operator-exchange catheter, an over-
the-wire catheter, a guide catheter, a balloon catheter, an
angioplasty catheter, an atherectomy catheter, etc. A person
of ordinary skill in the art would be familiar with different
types of catheters appropriate for multiple embodiments of
the present invention.

In a preferred embodiment, elongate shaft 12 may com-
prise one or more components of catheter 10. For example,
catheter 10 may further comprise an nner shaft, an outer
shaft, or both. According to this embodiment, elongate shaift
12 may comprise the inner shaft, outer shatt, or both.

According to a preferred embodiment, elongate shaft 12
can be manufactured from a number of materials including,
but not limited to, stainless steel metal, nickel alloy, nickel-
titanium alloy, hollow cylindrical stock, thermoplastics, high
performance engineering resins, polymer, polyethylene (PE),
polypropylene (PP), polyvinylchlornide (PVC), polyurethane,
polytetrafluoroethylene (PTFE), polyether-ether ketone
(PEEK), polyimide, polyamide, polyphenylene sulfide
(PPS), polyphenylene oxide (PPO), polysufone, nylon, or
pertluoro(propyl vinyl ether) (PFA). Preferably, elongate
shaft 12 1s manufactured so as to maintain the desired level of
flexibility and torqueability according to multiple embodi-
ments of the current invention.

In a preferred embodiment, elongate shait 12 further com-
prises an outer surface 20. Preferably, outer surface 20 com-
prises materials similar to those disclosed above including
metals and polymers. In an exemplary embodiment, outer
surface 20 comprises a unique surface disposed on elongate
shaft 12. For example, outer surface 20 may comprise a poly-
mer sheath disposed over elongate shaft 12.

In a preferred embodiment, a raised pattern 24 1s disposed
at outer surface 20. Raised pattern 24 may include a number
of shapes and patterns. According to a preferred embodiment
of the present mvention, a pattern 1s understood to include
regular, irregular, and random arrangements of a design or
objects. For example, raised pattern 24 may resemble a tire
tread pattern, a plurality of castellations, a diamond-shaped
tread pattern, an embossed pattern, a plurality of turrets, eftc.

According to multiple embodiments of the current mven-
tion, raised pattern 24 can be formed on outer surface 20 by a
number of methods including, but not limited to, laser abla-
tion, overmolding, hot die casting, embossing, and extrusion.
In a preferred embodiment, raised pattern 24 can be formed
by removing a portion of outer surface 20. For example, a
portion of outer surface 20 can be removed by laser ablation.
In one embodiment, when a portion of outer surface 20 1s
removed, for example by laser ablation, no more than about

25%-75% ot the wall thickness on the outer surtace 20 is
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removed. Preferably about 60%-75% of the wall thickness on
the outer surface 1s removed. In an alternative embodiment,
the raised pattern can be formed by embedding a braid into the
outer surface, preferably when the polymer shatt 1s heated
and softened, then cooled with the braid in place. Upon
removal of the braid, the raised pattern 1s left.

In a preferred embodiment, the thickness of the shait wall
1s somewhat greater than what 1s typically used 1n the art. For
example, the thickness of typical shaft walls may be about
0.001 1nches to 0.001 inches. In a preferred embodiment, the
shaft wall may have a thickness of about 0.002 inches.
According to a preferred embodiment, forming raised pattern
24, for example by laser ablation, may eliminate about 60%-
70% of the wall thickness of the shaft wall. According to this
embodiment, outer surface 20 substantially emulates the
thickness of thin-walled tubing. Preferably, emulation of
thin-walled tubing provides elongate shaft 12 with the desired

evel of flexibility.

Because the path taken by a catheter through the vascular
system 1s tortuous, 1t can be advantageous for a catheter, for
example catheter 10 comprising elongate shait 12, to be
highly flexible. Preferably, elongate shaft 12 1s flexible. In an
exemplary embodiment, elongate shaft 12 emulates the flex-
ibility of thin-walled tubing. According to this embodiment,
clongate shait 12 comprises an amount of tlexibility suitable
for performing an appropriate medical procedure.

In a preferred embodiment, raised pattern 24 improves the
transmission of torque along elongate shaft 12. In an exem-
plary embodiment of the current invention, raised pattern 24
can provide a high degree of torque transmittance while main-
taining a high degree of flexibility. For example, catheter 10
may comprise an elongate shait with the desired amount of
flexibility and improved torque transmission. According to a
preferred embodiment of the current invention, torque trans-
mission 1s understood to mean that applying torque to one end
of an object, for example the proximal end of elongate shafit
12, results 1n a substantially equivalent amount of torque at
another end of the object, for example distal end of elongate
shaft 12.

In a preferred embodiment, elongate shaft 12 includes
means for improving torqueability. Torsional forces applied
at the proximal end preferably translate to the distal end to aid
in steering. Because of the tortuous path of the vascular sys-
tem, the combination of flexibility and torqueability may aid
in steering a catheter, for example catheter 10.

FIG. 2 1s a cross-sectional view of the catheter shaft
through line 2-2 of FIG. 1. According to a preferred embodi-
ment, catheter 10 comprises elongate shaft 12 having lumen
18, outer surface 20, and inner surface 22.

In a preferred embodiment, a raised pattern 24 1s disposed
at outer surface 20. Similar to what 1s disclosed above, raised
pattern 24 may include a number of shapes and patterns and
can be formed on outer surface 20 by anumber of methods. As
indicated, 1n a non-torqued state, the raised patterns maintain
space between them which makes the untorqued shaft more
flexible than a smooth-surfaced shaft of equal diameter and
overall wall thickness.

In a preferred embodiment, when elongate shaft 12 1s
torqued, surfaces or portions of raised pattern 24 come in
contact with other portions or surfaces of raised pattern 24,
creating a plurality of bearing points (not shown, please see
clement 26 ol F1G. 4). The bearing points transmit torque. In
an exemplary embodiment, raised pattern 24 improves torque
transmission with minimal negative etflects on the tlexibility
of elongate shaft 12 when not torqued.

FI1G. 3 15 a cross-sectional view of the catheter shaft portion
through line 3-3 of FIG. 1 according to a preferred embodi-
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6

ment of the invention. According to a preferred embodiment,
catheter 10 comprises elongate shaft 12 having a proximal
end (not shown) and a distal end (not shown). Preferably,
clongate shaft 12 further comprises outer surface 20. In an
exemplary embodiment, a lumen IS extends between the
proximal end and the distal end.

In an exemplary embodiment, elongate shaft 12 further
comprises an mnner surface 22. In a preferred embodiment,
iner surface 22 1s in fluid commumication with lumen 18.
Preferably, alternate embodiments of elongate shaft 12, for
example elongate shait 12 including inner surface 22, are
appropriate for alternative catheters 10 such as single-opera-
tor-exchange catheters, over-the-wire catheters, guide cath-
cters, balloon catheters, angioplasty catheters, atherectomy
catheters, etc.

In a preferred embodiment, the raised pattern 24 1s dis-
posed at outer surface 20. Similar to what 1s disclosed above,
raised pattern 24 may include anumber of shapes and patterns
and can be formed on outer surface 20 by a number of meth-
ods. As indicated 1n this view, flexibility 1s maintained by the
spacing between elements of the raised pattern 24.

The raised pattern 24 improves the transmission of torque
along elongate shait 12. When elongate shaft 12 1s torqued,
raised pattern 24 comes in contact with itself creating a plu-
rality of bearing points (not shown, please see element 26 of
FIG. 4). Preferably, the bearing points transmit torque along
clongate shait 12. In a preferred embodiment, the transmis-
s10n of torque along elongate shait 12 1s understood to be the
transmission of torque longitudinally along elongate shaft 12.

FIG. 4 1s a plan view of the catheter shaft portion of FIG. 1
transmitting torque according to a preferred embodiment of
the imnvention. According to a preferred embodiment, catheter
10 comprises elongate shaft 12 having a proximal end and a
distal end. Preferably, elongate shaft 12 further comprises
outer surface 20.

In a preferred embodiment, a raised pattern 24 1s disposed
at outer surface 20. Raised pattern 24 may include a number
of shapes and patterns and can be formed on outer surface 20
by a number of methods.

In a preferred embodiment, when eclongate shaft 12 1s
torqued, raised pattern 24 comes in contact with itself creat-
ing a plurality of bearing points 26 providing a means for
torque transmission. According to a preferred embodiment,
bearing points 26 are understood to be contact points within
or between portions of raised pattern 24 over at least a portion
of the catheter shait length that contact one another when
clongate shaft 12 1s torqued. Preferably, bearing points 26
transmit torque along elongate shaft 12. In a preferred
embodiment, the transmission of torque along elongate shaft
12 1s understood to be the transmission of torque longitudi-
nally along at least a portion of elongate shait 12.

In an exemplary embodiment, raised pattern 24 improves
torque transmission with minimal negative effects on the
flexibility of elongate shatt 12. For example, catheter 10 may
comprise an elongate shaft with the desired amount of flex-
ibility and improved torque transmission. In an exemplary
embodiment, bearing points 26 will prevent the failure of
torque transmission along elongate shatt 12. According to a
preferred embodiment, torque transmission 1s understood to
mean that applying torque to one end of an object, for
example the proximal end of elongate shaft 12, results 1n a
substantially equivalent amount of torque at another end of
the object, for example the distal end of elongate shaft 12.

In use, catheter 10 may be used to perform an appropriate
medical procedure. According to a preferred embodiment, the
medical procedure may include, but 1s not limited to, cath-
eterization, angioplasty, atherectomy, diagnosis, etc. When
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performing the medical procedure, catheter 10 may be
inserted 1nto the vasculature or other body lumen of a patient
and guided to a target region. In a preferred embodiment,
raised pattern 24 on elongate shaft 12 will impart a desired
amount of flexibility and torqueability. Preferably, the desired
flexibility and torqueability will aid 1n steering catheter 10 to
a target region.

In a preferred embodiment, when catheter 10 1s torqued,
bearing points 26 within raised pattern 24 will contact one
another. Preferably, when catheter 10 1s torqued, bearing
points 26 will transfer torque along elongate shait 12.

Numerous advantages of the invention covered by this
document have been set forth 1n the foregoing description. It
will be understood, however, that this disclosure 1s, in many
respects, only 1llustrative. Changes may be made 1n details,
particularly 1n matters of shape, size, and arrangement of
steps without exceeding the scope of the invention. The
ivention’s scope 1s, of course, defined 1n the language 1n
which the appended claims are expressed.

What 1s claimed 1s:

1. A medical device having a torque transmitting shaft,
comprising;

an elongate shait having a proximal end, a distal end, and

an outer surface; and

a raised pattern of generally noncontiguous elements dis-

posed on the outer surface of the elongate shait wherein
the raised pattern improves the transmission of torque
along the elongate shaft;

wherein the raised pattern further comprises a plurality of

bearing points;

wherein the bearing points are separated when the shaft 1s

not being torqued;

wherein at least two of the bearing points move toward one

another when the shait 1s torqued.
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2. The medical device of claim 1, wherein the bearing
points contact one another when the elongate shaft 1s under
torsion.

3. The medical device of claim 1, wherein the raised pattern
1s Tormed by laser ablation.

4. The medical device of claim 1, wherein the raised pattern
1s formed by overmolding.

5. The medical device of claim 1, wherein the raised pattern
1s Tormed by hot die casting.

6. The medical device of claim 1, wherein the raised pattern
1s Tormed by embossing.

7. The medical device of claim 1, wherein the raised pattern
1s Tormed by extrusion.

8. A medical device having a torque transmitting shatit,
comprising;

an elongate shaft having wall defining an 1nner surface and

an outer surface; and
a plurality of raised elements extending from the outer
surface of the elongate shait, wherein the plurality of
raised elements define means for improving the trans-
mission ol torque along the elongate shatt when torqued;

wherein adjacent raised elements are separated when the
shaft 1s not under torsion and wherein at least two adja-
cent raised elements detlect toward one another when
the shaft 1s under torsion.

9. The medical device of claim 8, wherein the plurality of
raised elements are integral with the outer surface of the
clongate shaft.

10. The medical device of claam 9, wherein the raised
clements are formed by removing a portion of the outer sur-
face.

11. The medical device of claam 8, wherein the raised
clements are generally noncontiguous with one another.
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